The intestinal epithelium is characterized by an extremely rapid turnover rate. In mammals, the entire epithelial lining is renewed within 4 -5 days. Adult intestinal stem cells reside at the bottom of the crypts of Lieberkühn, are earmarked by expression of the Lgr5 gene, and preserve homeostasis through their characteristic high proliferative rate When isolated ex vivo and cultured in the presence of specific growth factors and extracellular matrix components, whole intestinal crypts give rise to long-lived and self-renewing 3D structures called organoids that highly resemble the crypt-villus epithelial architecture of the adult small intestine 3 . Organoid cultures, when established from whole crypts, allow the study of self-renewal and differentiation of the intestinal stem cell niche, though without addressing the contribution of its individual components, namely the Lgr5 + and Paneth cells.
Introduction
The intestinal epithelium is the most rapidly self-renewing tissue in the mammalian body and, as such, has been the object of a plethora of studies aimed at the identification and functional characterization of the adult stem cells residing at the bottom of the crypt of Lieberkühn, earmarked by expression of the Lgr5 gene and dependent on canonical Wnt signals 1 . . The capacity of intestinal crypts when plated ex vivo to form organized and self-renewing structures called organoids, or "mini-guts", has been exploited as an experimental tool to provide insight into processes such as self-renewal and differentiation in normal and pathological conditions including cancer 4 . Organoid cultures have been established from several tissues, including the intestine, pancreas, liver, and kidney, from both mouse and human samples 4 . The extraction method and the growth factors employed to develop these organoid cultures are tissue-specific and designed to drive multi-lineage differentiation and mimic as closely as possible the original stem cell niche in vivo. Organoids may have potential applications including the treatment of genetic diseases, the assessment of therapeutic efficacy in cancer, the analysis of drug toxicity, or the study of organogenesis in vitro 5 .
Overall, the main limitation of organoid cultures when established from tissue samples is a lack of cell-specificity. For example, intestinal organoids established from whole intestinal crypts do not allow the analysis of individual cellular components encompassed within the tissue source (e.g., whole crypts contain Lgr5
Representative Results
The organoid reconstitution assay allows the separate functional analysis of the essential niche and stem cell components of the intestinal epithelium, here demonstrated by small interfering RNA (siRNA) of the Apc gene.
To achieve this aim, we first utilized fluorescent activated cell sorting (FACS) to separate 8000 Lgr5 + cells and 6000 Paneth cells from inbred C57BL6/J mice. In Figure 1a , a flowchart of the ORA assay is depicted. Organoid reconstitution capacity was assessed by incubating Lgr5 . Collectively, these results demonstrate that reconstituting Paneth cells and Lgr5 + cells can give insight on cell-specific mechanisms within these two cell types; morphological analysis of the organoids by microscopy can be valuable in this respect since the morphology of the organoids reflects their cell composition (e.g., spheroids are constituted by Lgr5 + cells only). Another important parameter to be taken into account is the complexity of the organoid (e.g., the number of crypt budding events). 
Discussion
The ORA allows the refined functional analysis of the two essential components of the intestinal stem cell niche, namely Lgr5 + and Paneth cells. This approach has been previously employed by us and others with slight modifications 6, 10, 11 . Here, we present the ORA procedure as a reproducible and standardized laboratory protocol. Also, we report on the effects of Apc downregulation in Lgr5 + stem cells, as an example of
